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A COMPARISON OF INTENSITIES REQUIRED UNDER
DIRECT AND UNDER INDIRECT LIGHT
ING SYSTEMS
WM. KUNERTH
Although artificial indirect lighting dates back twenty-five years
or more, it was not very extensively patronized until after 1906
when the advent of the more efficient Mazda B lamp made its
commercial use possible. At once comparisons were made between
the direct and the indirect systems on various points.
It was soon recognized that when we consider the efficiency of
installation only, the direct system is by far the better, efficiency
of installation meaning the number of lumens obtained on the
working plane for every watt of power input. In modern resi
dences the installation efficiency is in the neighborhood of six
lumens per watt, when the direct system is used ; whereas when
the indirect system is used the efficiency of installation is only
about three lumens per watt. In a very general way the ratio of
efficiencies between the two systems has been found to be about
two to one. This low efficiency for the indirect system is due to
the increased absorption by walls, ceiling, and glassware. The
ratio has been determined repeatedly and is given here merely to
recall to mind that from this point of view the direct system is to
be preferred.
If we next consider the question of eye fatigue under the two
systems we can do no better than to refer to the extensive series
of experiments by Drs. Ferree and Rand 1 of Bryn Mawr College.
They found that under conditions of natural illumination the eye
is fatigued practically not at all, as is shown by the curve here
with. Under indirect lighting, however, they found that the eye
is appreciably but not greatly fatigued after working for a period
of three hours, and that under direct lighting the eye is excessive
ly fatigued after working for the same period. These curves show
conclusively that when eye fatigue only is considered the indirect
system is to be preferred. The greater fatigue caused by the
direct system is no doubt due to the great difference in intensity
in different parts of the field of vision. This causes great ac
tivity in the ocular muscles and hence fatigue.
'.Trans. I. E. S., Vols. 8-15.
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The two systems have been compared in many other particu
lars such as shadow production, pleasantness of illumination, color
of lighting, cost of fixtures, uniformity of illumination, glare,
and several others; and comparison has also been made on the
score of intensity required for the same kind of work. It is this
problem which will be discussed in this paper.
In 1907 " Millar published some data, based on experiments
with ten individuals, which showed that 2.7 foot-candles of direct
lighting were required by these men to read newspaper print, and
that 4.45 foot-candles were required to read the same print when
the lighting was indirect.
In 1913 3 T. E. Ritchie also published data on this point. He
used seven persons and found that 7.3 foot-candles were required
when direct lighting was used, and only 1.5 foot-candles when
the lighting was indirect. In this case the print used for reading
was that on the back of a slide rule.
It will be seen that the two articles referred to yield contradict
ory conclusions. Again, many casual observers of lighting sys
tems give it as their opinion that less intensity is required from
the one system, while others are convinced that less intensity is
required by the other system.
These contradictions have opened anew the question of the
relative intensities required under direct and under indirect light
ing systems, and it was also the hope of the writer to ascertain
why a person needs more natural light for a certain kind of work
than he does of artificial light.
Accordingly, it was planned to make an experiment on a great
number of individuals and under conditions such that the illu
mination would be decidedly diffuse in one case and exclusively
direct in the other case. The room used for this experiment was
30 feet long, 18^4 feet wide, and 13 feet high. The ceiling and
upper half of the walls were painted white ; the lower half of the
wall and the floor were drab.
For the direct lighting the lamps were hung seven feet above
the floor, and opaque white enameled reflectors were used As
this work was done at night (actually between 7 and 8 P. M.),
the window shades were raised so that light was not reflected
from them but passed out through the windows. Every precau
tion possible was taken to have the light on the book come only
from the fixtures direct.
2 Trans. I. E. S., Vol. 2, p. 590 (1907).
s Ilium. Eng., Vol. 6, p. 4.2 (1913).
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For the indirect system silvered reflectors of the opaque bowl
type were used, and thus no light passed directly from the light
sources to the printed page. They were hung about two feet
below the ceiling. In this case the yellow window shades were
pulled down so as to augment the reflected light. Gas-filled lamps
were used in both cases. The value of the current which it was
necessary to put through the lamps in order to get the illumina
tion approximately the same in the two cases was ascertained by
a preliminary test. At the same time the current was so adjusted
as to produce a variation in lighting intensity from one which was
too low for comfortable reading to one which was too high. There
were twenty-six individuals, all college seniors. The following
instructions were given them.
DIRECT AND INDIRECT LIGHTING
No. Name Date ___
Turn to a regular page of print in your text and ask yourself
whether you could probably read this comfortably (without strain
on your eyes), throughout the evening, when any one system and
condition of lighting is used. In designating the impression of
intensity of illumination on your book, use one of the following
terms if possible:
Much too low
Somewhat low
Acceptable, but prefer more
Just right
Acceptable, but less would do
Somewhat high
Much too high
Brief comments on the lighting intensity will be appreciated.
Keep the book on the arm of the chair and sit in a natural posi
tion while reading. On leaving the room leave this sheet on the
seat of your chair. Do not change the position of your chair
when once you have begun to note down observations.
DIRECT INDIRECT
1 1
2 2
3 3
4 4
5 5
3
Kunerth: A Comparison of Intensities Required under Direct and under Indir
Published by UNI ScholarWorks, 1922
144 IOWA ACADEMY OF SCIENCE VOL. XXIX, 1922
After the twenty-six individuals had been under any one con
dition of illumination for upward of five minutes they were asked
to put down their opinion of the lighting on the basis of instruc
tions given them. Then the current through the lamps was
changed and observations again were made. In this way five dif
ferent values of current were used, changes in intensity being made
by irregular stages and not always in the same direction ; and the
individuals did not know but that any value of current might be
duplicated. Then the other system was installed and the five
conditions were repeated, except that the current values differed
from the first set because of the difference in the efficiency of in
stallation already noted above. During the few minutes while
the change was being effected from one system to the other, the
students were free to move about in the room. The arm of the
chair on which the book was placed was 28 inches above the floor
and sloped at an angle of 2^2 degrees from the horizontal.
After the individuals had recorded their estimates of the illu
mination on their books under these conditions, the same condi
tions were repeated and the intensity in foot-candles which each
individual had had on his book was measured by means of a
Macbeth •illuminometer. The number of foot -candles which each
one considered as "just right" by the two systems is given in the
table herewith. It may be noticed that a few estimates are very
high, while a few others are very low.
INTENSITIES IN FOOT-CANDLES REQUIRED FOR
READING ORDINARY TEXT BOOK PRINT
BY TWO SYSTEMS OF LIGHTING
1
2
3
4
5
6
7
8
9
10
11
12
13
14
DIRECT INDIRECT
2.0 2.5
7.0 5.7
3.0 2.0
2.3 2.3
1.1 1.9
1.8 4.9
2.0 6.0
5.0 6.5
5.0 3.0
3.0 5.0
2.5 4.3
3.0 2.3
3.0 4.5
3.0 3.5
15
16
17
18
19
20
21
22
23
24
25
26
Ave.
DIRECT INDIRECT
3.0
2.3
3.0
4.0
3.0
3.0
1.0
1.5
2.0
2.3
2.3
1.7
2.8
3.0
5.0
6.5
6.7
3.0
3.0
3.7
6.0
6.0
2.3
2.5
3.0
4.0
Even though some required much less illumination intensity
than is ordinarily considered satisfactory, it may be noted that
they required less of both indirect and direct and hence the ratio
4
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between the two, the determination of which was the chief object
of this experiment, is left practically unaltered. When we drop
out the abnormal intensities we get an average of 2.77 foot-candles
for the direct, and 4.13 foot-candles for the indirect It may be
seen, therefore, that by the indirect system we need an intensity
almost 50 per cent greater than that required by the direct system
for the same kind of work.
Since under the indirect lighting system everything in the field
of vision is about equally illuminated, the pupil contracts much
more than it does under the direct system, where much of the
field is dark.
In the latter case the pupil will enlarge to allow more light to
enter and will soon come to a state where a person can read print
comfortably even though the actual intensity is small. It seems
then that the illumination intensity required depends quite largely
upon the brightness of the objects in the field of vision. If they
are as bright as the objects on which we wish to focus our atten
tion, then a high intensity is required ; if, on the other hand, they
5
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are dark, the pupil will enlarge to take in a big flood of light and
a smaller intensity will suffice.
The question which was at the bottom of this undertaking and
which really prompted it
, was, why a greater intensity of natural
light is required for the same kind of work than is required of
artificial light. Since natural lighting is only an extreme case of
indirect lighting, it will be evident that our question is answered
by the above data. It would seem reasonable that such should
be the case, for with indirect or natural lighting the objects in the
range of vision are illuminated and the light reflected into the
eye causes a contraction of the pupil, and hence a greater in
tensity is required for clear vision. For the direct artificial light
ing most of the light which enters the eye comes from the printed
page and hence the pupil is larger and clear vision is obtained with
a lower intensity.
In the direct lighting system the path of the beam of light
from the source to the book is short — much shorter than for the
indirect system. It follows, therefore, that the flux of light on
the floor near the individual for the direct system is much less
than on his book. But such is not the case for the indirect sys
tem where the path of the beam of light from the source to the
book is almost the same as from the source to the floor. Thus if
we had three foot-candles on the book by each system and two
foot-candles on the floor by the direct system, we should prob
ably have 2.8 foot-candles on surrounding objects by the. indirect
system. This latter would cause pupillary contraction and hence
a greater intensity would be required for clear vision.
It may be argued that in this experiment the change of current
through the lamps caused a change in color which served to affect
the results; but whenever the color was at all abnormal due to
the small current, the intensity was too low for comfortable read
ing and hence did not affect the conclusion here arrived at.
Again it may be urged that five minutes was too short a time
in which to form a final opinion on a lighting system, but inas
much as these persons had been studying illumination for three
months, and since an equal period was allowed for each condition
of illumination, it would seem that the conclusions here arrived
at can be considered reliable.
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